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Abstract 
‘MicroSources and Renewable Energy sources’  refers to Distributed energy resources(DERs) and ‘MicroGrids’ 
refers to  a distribution network for electrical energy ,starting from electricity generation to its transmission and 
storage with the ability to respond to dynamic changes on energy supply through co-generation and demand 
adjustment.Utilising potential of available distributed energy sources, MicroGrids can provide improved electric 
service reliability and better power quality to end users of electricity at conservative approach which might not be 
with the MicroGrids ( centralized power grids). A worldwide research is going on MicroGrids, its application and 
control to overcome the weaknesses of the centralized power grids. In India due to power crisis a heavy load 
shedding has been carried out since last five years as load demand increasing day by day. Presently the concept of 
MicroGrids has been utilizing in rural areas of countries namely Canada, US, UK, Kenya etc. India is also having rich 
potential for Distributed energy resources (DERs). In this paper, potential of Distributed energy resources (DERs) in 
rural areas of Maharashtra state India has been predicted and suggested how application of Microgrids can reduce 
energy losses, improve power quality, deliver sustained power by Zero Load Shedding Model. 
Keywords: MicroSources, Microgrid, Distributed energy resources (DERs),Distributed Generation(DG), Electric Power System 
(EPS),Point of common coupling(PCC), Centralized Grid Generation (CGG) .Installed Capacity(IC),Current  Generation in 
percentage of IC(CG) 
1. Introduction 
 In this phase, with the rapid increase in demand of electricity, to fulfill the sustained need of electric 
energy many researcher has forced to study the penetration of distributed generation in the power 
distribution system. To realize the potential of distributed generation a system approach is to be taken 
which views generation and associated loads as a subsystem or a “microgrid”. It is envisioned that 
microgrid concept will prove to be ideal solution for rural electrification besides its very well use in 
industrial parks, commercial and institutional campuses and many other situations requiring improved 
reliability and power quality. A microgrid enables small communities to take control of their energy use 
and reduce their carbon release through a new and innovative way of generating and managing electricity 
[1]. Today many countries are indulged in obtaining the revolutionary change in electrical distribution 
network. A microgrid is a cluster of interconnected distributed generators, loads and intermediate energy 
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storage units that collectively treated by the grid as a controllable load or source. Microgrid is connected 
to single point, the point of common coupling (PCC)[2].The objectives of its conception is to facilitate the 
high penetration of distributed generators without causing power quality problems to the distribution 
network. Another important objective is to provide high quality and reliable energy supply to sensitive 
loads. [8]. 
Rural areas in India have been lagging in service and penetration of electricity. As per recent Rural 
Electricity Commission (REC) survey only 31% of the rural households have access to electricity, and the 
supply suffers from frequent power cuts and high fluctuations in voltage and frequency, with so-called 
blackouts and brownouts [10]. In Maharashtra state India, Maharashtra State Electricity Distribution 
Company Ltd. is largest power distribution company & supplying most of the areas of Maharashtra.  
Agricultural consumption, to the extent estimated, is over 30% of total consumption in the country. 
Transmission losses are over 10% and distribution losses are over 30%, which are due to both technical 
losses and theft (termed “commercial losses” in official publications).  
The International Energy Agency (IEA) estimated that in 2008 47.5% of the rural population, or 33% of 
the total population in India (about 381 million people), lack access to electricity (IEA, 2009).  The Indian 
electricity grid faces significant challenges to reliability, cost effectiveness, and expansion.  It is often too 
far and too expensive to feasibly connect rural towns to the grid.  Solar, wind and other renewables may 
be the only way to provide these areas with electricity (US Dept of Energy 2010). 
 Since, backbones of India’s economy are the farmers, right now the farmers can avail the electricity for 8 
-12 hours per day without quality. Therefore, in this paper the stress is given on making availability of 
electricity through localized generation by predicting the potential of distributed energy resources& 
suggesting application of microgrid.
2. Power Generation scenario in India 
The electricity sector in India supplies the world's 5th largest energy consumer, accounting for 4.0% of 
global energy consumption by more than 17% of global population. the Energy policy of India is 
predominantly controlled by the Government of India's, Ministry of Power, Ministry of Coal and Ministry 
of New Renewable Energy and administered locally by Public Sector Undertakings (PSUs).About 
65.34% of the electricity consumed in India is generated by thermal power plants, 21.53% by 
hydroelectric power plants, 2.70% by nuclear power plants and 10.42% by Renewable Energy Sources. 
More than 50% of India's commercial energy demand is met through the country's vast coal reserves. The 
country has also invested heavily in recent years in renewable energy utilization, especially wind energy. 
In 2010, India's installed wind generated electric capacity was 14,550 MW. Additionally, India has 
committed massive amount of funds for the construction of various nuclear reactors which would 
generate at least 30,000 MW. In July 2009, India unveiled a $19 billion plan to produce 20,000 MW of 
solar power by 2022. 
Table 1 Conventional energy source power generation and Renewable energy source potential (in MW) 
Conventional 
Energy Source 
I C % of total 
Generation
 in India
Renewable 
 Energy Source 
 MW Renewable Energy 
Source 
 MW 
Coal Thermal Power 96743.38 54.66 Wind power 15000 From waste 2700 
Gas  Thermal Power 17706.35 10.00 Biomass   Geothermal power 10600
Oil  Thermal Power 1199.75 0.67 Agro residues 16881 Tidal wave power 9000 
Hydro Power 37367.4 21.53       Bagasse   5000 Solar power 10000
Nuclear Power 4780 2.7 
3. Power Generation scenario in Maharashtra, India 
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Table 2 Conventional and Renewable energy source based power Generation 
Source I C C G Source I C C G 
Thermal based power 6897.50 75 Wind power 2202.80 63 
Gas based power 852 84 Biomass 140 85 
Hydro based power 2344 62 Small Hydro + Solar 263.82 + 250 75 + 65 
Total 10093.5  Total 2856.62  
4. Profile of Electricity consumers in Maharashtra 
Maharashtra State Electricity Distribution Company Ltd. (MSEDCL) supplies electricity to a 
staggering 1.86 crore consumers across the categories all over Maharashtra excluding the island city of 
Mumbai. There are about 1.40 crore residential, 30 lakh agricultural, 13.46 lakh commercial and 2.5 lakh 
industrial consumers in MSEDCL area which fetch an annual revenue of about Rs. 33,000 crore.  
Table 3 Consumer profile 
Nature of consumer No’s (in Lakhs) Nature of consumer No’s (in Lakhs) 
Urban  Rural  
Residential 79.04 Residential 61 
Commercial 11.20 Commercial 02.26 
Industrial 2.0 Industrial 0.5 
Agricultural 0.0 Agricultural 30 
5. Distributed Generation (DG) in Maharashtra 
The Institute of Electrical and Electronics Engineer, Inc.(IEEE) has defined the distributed 
energy resources (DER,s) as a source of electric power that are not  directly connected to a bulk power 
transmission system. DR includes both generators and energy storage technologies. While the definition 
of DG is given as electric generation facilities connected to an area electric power system (EPS) through 
the point of  common coupling(PCC)as a subset of DR[4] (Fig. 1). 
Load DR  unit
DR unit Load
Area EPS
PCCPCC PCC
Point of DR
connection
Point of DR
connection
Local EPS 1 Local EPS  2 Local EPS  3
Fig. 1 IEEE definition
Fig.1 IEEE Definition 
Distributed Generation – Installation & operation of electric power generation units connected to 
the local network or off-grid generation characterized by: Generation capacity ranging from KW to MW 
level, Generation at Distribution Voltages (11kVor below),Grid inter-connection at distribution line side, 
Inter-connected to a local grid, or Totally off-grid, including captive. Presently a lot of research is going 
on  Renewable Energy based Distributed Generation.Renewable energy resources presently available in 
India such as are Wind Energy, Biomass Energy, Bagasse Energy, Small Hydro Energy, Wind-Solar 
Hybrid Energy, Biomass Gasifier Energy, solar energy, Geothermal energy, Solar energy and Tidal wave 
energy.
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Table 4 Predicted potential for Renewable energy source power generation in Maharashtra. 
Renewable Energy Source Potential (in MW) Renewable Energy Source Potential (in MW) 
Wind power 3000       From waste 1500 
Biomass Power  Geothermal power 400 
      Agro residues  4500 Tidal wave power 500 
      Bagasse   3500 Solar power 600 
6. MicroSources (DERs) based generation 
Electric energy storage (EES) technologies can be used to accumulate excess electricity 
generated at off-peak hours and discharge it at peak hours. This application could yield significant 
benefits including a reduced need for peak generation (particularly from expensive peaking plants) and 
reduced strain on transmission and distribution networks. EES can also provide critically important 
ancillary services such as grid frequency regulation, voltage support, and operating reserves, thereby 
enhancing grid stability and reliability.  
The most common EES technologies are:Fuel Cell, Electrochemical EES-  Lead Acid Battery , 
Sodium-Sulfur battery (NaS),Flow Batteries-Vanadium Redox Battery (VRB),Zinc Bromine Battery 
(ZnBr),Nickel Cadmium (NiCd) Battery,Nickel Metal Hydride (NiMh) Battery, Lithium Ion (Li-ion) 
Battery, Non-Electrochemical EES-Pumped Hydroelectric, Compressed Air Energy Storage 
(CAES),Flywheel, Ultra-Capacitor, Superconducting Magnetic Energy Storage (SMES). 
Table 5 Predicted Potential for Micro sources  power generation in Maharashtra. 
MicroSources Potential 
(in MW)
MicroSources Potential 
(in MW)
Fuel Cells 300 Nickel Metal Hydride (NiMh) Battery 25 
Electrochemical EES  Lithium Ion (Li-ion) Battery 40 
Lead Acid  battery 50 Non-Electrochemical EES  
Sodium-Sulphur battery (NaS) 50 Pumped Hydroelectric 50 
Flow Batteries  Compressed Air Energy Storage (CAES) 20 
Vanadium Redox Battery (VRB) 40 Flywheel 50 
Zink Bromine Battery(ZnBr) 40 Ultra-Capacitor 25 
Nickel Cadmium (NiCd) Battery 30 Superconducting Magnetic Energy 
Storage(SMES) 
50 
7. The Microgrid Concept 
Microgrid simply an integration of distributed energy sources generation into distribution 
operation and planning. Microgrids comprise a network of small scale distributed energy resources 
(DERs) like fuel cells, micro turbines, PV arrays and wind turbine etc. and energy storage devices. 
Microgrids with environment-friendly DERs have an edge over such problems. Microgrids also reduce 
line loss and CO2/NOx emission, increase overall energy efficiency through CHP operation, relieve T&D 
congestion and defer investments to upgrade existing generation. However, all these benefits could be 
achieved if DERs of the Microgrids have optimal size and location. Current deregulation regime is 
encouraging open competition amongst the small/medium utility service providers in providing quality 
and reliable ‘clean’ power to the customers at an economic rate. Economic power production is related to 
higher operational efficiency of the generating and distribution systems. In the reforming process, taxes 
and penalties imposed on the tariff system, like environmental pollution tax, contracted failure penalties 
etc. are posing problems for the fossil fuel plants.  
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Fig. 2 Architecture and Components of a MicroGrid 
8. Application of Microgrid for Rural Electrification  
 Maharashtra is facing a shortfall of centralized power and gap between generation and demand 
increasing rapidly. Consequently, a heavy load shedding (8-10 hours per day) has been implemented in 
rural areas using network islanding concept to maintain the power system stability. Also some of remote 
Villages where grid extension is not feasible are not yet electrified. Presently rural areas lacking from 
better power quality, low tariff, availability etc. By the application of Microgrid concept & through 
locally available distributed energy sources to overcome lacunas with centralized power distribution. REC 
is working for electrifying village in Maharashtra. Total 329 number of villages where electrification 
works completed during the year 2011-12 under RGGVY electrification. About 89 villages / hamlets 
sanctioned so far mainly through SPV and 17 villages have been electrified through biomass gasifier 
systems (20-500 kW). 
A zero load shedding model is proposed using microgrid concept to utilise the potential of 
distributed energy sources and to make loading free Maharashtra with green energy. 
9. Proposed Zero Load Shedding Model for rural areas : A case study 
Electricity losses in India during transmission and distribution are extremely high and vary 
between 30 to 45%. In 2009-10, electricity demand outstripped supply by 7-11%. Due to shortage of 
electricity, power cuts are common throughout India and this has adversely effected the country's 
economic growth. Despite an ambitious rural electrification program, some 400 million Indians lose 
electricity access during blackouts. While 80 percent of Indian villages have at least an electricity line, 
just 52.5% of rural households have access to electricity. In urban areas, the access to electricity is 93.1% 
in 2008. The overall electrification rate in India is 64.5% while 35.5% of the population still live without 
access to electricity. According to a sample of 97,882 households in 2002, electricity was the main source 
of lighting for 53% of rural households compared to 36% in 1993.  
  For Wani village of Maharashtra above model is proposed. Near Wani village, Shaliwahana 
Green Energy Ltd Chanaka and Rasoya power ltd, Wanjari Biomass generating plant each having 
installed capacity of 10 MW is installed. Each feeding to 33 KV bus at 66 KV sub-station, Wani. 
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Fig. 3  Proposed Microgrid 
Data interpretation:
Table 6 Centralized Grid Connectivity and Islanding Operation 
Centralized Grid connectivity Islanding operation 
Total Generation at 33 KV bus 
66 KV s/sn wani 
10 MW  CGG 
20 MW  Biomass 
Total Generation at 33 KV bus 
66 KV s/sn wani 
20 MW  Biomass 
Total demand 35 MW Total demand 35 MW 
Short Fall 05 MW Short Fall 15 MW 
Table 7 Predicted potential (in MW) for Renewable energy source power generation Wani region.
Renewable Energy Source MW Renewable Energy Source MW 
Wind power 0       From waste 2.4 
Biomass Power  Geothermal power 0 
      Agro residues  2 Tidal wave power 0 
      Bagasse   2 Solar power 1 
Table 8 Predicted potential (in MW)for Micro sources  power generation in Wani region. 
Microsources MW Microsources MW 
Fuel Cells 2 Nickel Metal Hydride (NiMh) Battery 0.2 
Electrochemical EES  Lithium Ion (Li-ion) Battery 0.2 
Lead Acid  battery 0.1 Non-Electrochemical EES  
Sodium-Sulphur battery (NaS) 0.2 Pumped Hydroelectric 1 
Flow Batteries  Compressed Air Energy Storage (CAES) 1 
Vanadium Redox Battery (VRB) 0.1 Flywheel 1 
       Zink Bromine Battery(ZnBr) 0.1 Ultra-Capacitor 0.5 
Nickel Cadmium (NiCd) Battery 0.2 SMES 1 
 From above data it is observed that with the non-availability of centralized grid under any 
circumstances, total shortfall in available generation at Wani sub-station bus is 15 MW. Utilizing the 
Potential of DER’s the estimated shortfall can be make up with the application microgrid. Thus a Zero 
Load Shedding concept   for Wani area is represented.  
Conclusion
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  Rural Electrification Corporation India has been consistently acting towards electrifying the rural 
areas in Maharashtra. However, rural consumers are yet facing large scarcity of energy due to shortfall in 
conventional generation. As worldwide research on distributed generation is going on and potential of 
distributed energy resources have been utilizing with the application of microgrid.  An attempt is made to 
predict the potential of distributed energy resources in Maharashtra India and suggested to use distributed 
generation with the application of microgrid through the case study. 
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